
Techniques	for	Reconstruc0on	&	
Assimila0on	of	SWOT	Ocean	

Observa0ons		

•  Gille/Cornuelle/Mazloff/Villas	Boas	(US)	-	Assimila)on	
and	interpreta)on	of	high-wavenumber	variability	in	
the	ocean	for	SWOT	

•  Lapeyre/Klein/Ponte/Chapron/Morrow	(FR)	–	New	
dynamical	tools	for	SWOT	data	

•  Le	Traon/Benkiran/Dibarboure/Rémy	(FR)	-	
Developing	an	Effec)ve	assimila)on	of	SWOT	data	in	
Mercator	Ocean	Systems	(DESMOS)		

•  Heimbach/Wunsch/Ferrari	(US)	-	Evolving	global	
ocean	state	es)ma)on	

	



Core	objecLves:		How	do	we	map	
SWOT	data?	

•  SWOT	is	a	departure	from	
nadir	alLmetry,	with	
higher	spaLal	resoluLon,	
but	no	real	gain	in	
temporal	resoluLon	

•  Users	desire	gridded	
products.	

•  How	do	we	use	SWOT	+	
addiLonal	data	and	
dynamical	understanding	
to	generate	usable	
mapped	fields?	 1/48°	MITgcm	simulaLon	

(Rocha	et	al,	JPO,	2016)	



The	Challenges	
•  Mismatch	between	
high-spaLal	resoluLon	
and	coarse	temporal	
resoluLon	

•  MulLple	contributors	to	
signal:	
– Geostrophic	moLons	
– Tides	
–  Internal	waves	
– Surface	gravity	waves	
– Noise	 1/48°	MITgcm	simulaLon	

(Rocha	et	al,	JPO,	2016)	



CommonaliLes	to	our	approaches:		Using	
data	in	conjuncLon	with	dynamics	to	

determine	ocean	state	
•  Data from multiple sources (SST, nadir 

altimetry, elephant seals) 
•  Dynamics (distinguishing balanced and 

unbalanced motions, waves, surface 
quasi-geostrophy, tidal processes, etc.) 

•   Assimilation, dynamical interpolation	



Lapeyre	et	al:		Main	quesLons		
addressed	by	the	project	team	

l  Which	dynamical	regime	affects	the	SSH	signal?		
-  RelaLon	with	other	tracers	(SST)	
-  SeparaLon	of	balanced	from	unbalanced	dynamics	(e.g.	
internal	Ldes)	

l  Development	of	reconstrucLon	tools	at	
submesoscales	
-  Allow	computaLon	of	relaLve	vorLcity	and	verLcal	velocity	
-  Comparison	with	other	methods	in	idealized	test-cases	 	 	

	or	in	observaLons	



Lapeyre	et	al:		1st	Workpackage	
Dynamical	interpretaLon	of	submesoscale	signal	

l  Joint	spectral	analysis	of	satellite	signals	(SSH,	SST...)	
l  E.	Autret	and	B.	Chapron	

l  CharacterizaLon	of	the	dynamical	regimes	in	the	ocean	:	 	
	QG	vs	SQG	dynamics	(S.	BerL	and	G.	Lapeyre)		

	

	

	

SST/SSH correlation  
at mesoscales 

SST spectral slope 
(Autret and Chapron) 



Lapeyre	et	al:		1st	Workpackage	
Dynamical	interpretaLon	of	submesoscale	signal	

	
l  ExtracLon	of	the	internal	Lde	
signal	in	the	SSH	signal	

-  A.	Ponte	and	P.	Klein		



Lapeyre	et	al:		2nd	WorkPackage:		
Dynamical	reconstrucLons	of	submesoscales	

l  Filling	the	temporal	gaps	with	dynamical	
interpolaLon	
-  M.	Rogé,	R.	Morrow,	C.	Ubelmann	

l  ReconstrucLon	of	the	potenLal	vorLcity	signal	from	
surface	signals	and	Argo	data	
-  P.	Klein,	A.	Ponte,	P.	Rivière	

l  Coupling	Lagrangian	techniques	of		reconstrucLon	of	
fine	scales	of	tracer	with	the	SQG	balance	
-  S.	BerL	and	G.	Lapeyre	

l  Using	new	sets	of	captors	(e.g.	T/S	from	elephant	
seal	trajectories)	
-  P.	Rivière	and	P.	Klein	

See presentation on Wednesday 
splinter session 



BA

•  Tides	(previously	tested	by	Ponte)	
•  Waves	(WaveWatch	III)	
•  Biogeochemistry	(if	helpful,	BLING)	

Enable:	

Gille	et	al:		California	Current	testbed	



Gille	et	al:		California	Current	waves	

Drivers	of	seasonal	cycle	in	wave	climatology	
•  Role	of	wind	forcing		
•  Role	of	ocean	currents	



Le	Traon	et	al:		Observing	System	SimulaLon	Experiments	



Le	Traon	et	al	



Ferrari	et	al:		High-resoluLon	simulaLons	

1.3 Technical approach and available tools

Figure 2: Ocean surface speed in m s�1 from the LLC4320 simulation. This groundbreaking, full-depth
ocean and sea ice solution has horizontal grid spacing of ⇠1 km, 1-m thick vertical levels near the surface
for better representation of diurnal cycle, and includes tidal and atmospheric pressure forcing.

Expected significance: The study of above science questions will significantly add to current
knowledge of ocean kinetic energy budget. Another key contribution will be to define a science
traceability matrix for a notional satellite-borne DopplerScat mission. We expect that the simul-
taneous observation of winds and surface currents will lead to more accurate estimates of upper
ocean energetics and exchange properties across the air-sea interface. These measurements will
also improve the representation of these processes in ocean circulation and climate models.

1.3. Technical approach and available tools
The proposed study involves three technical components: output from a global, internal-tide-
resolving ocean and sea ice simulation (Sect. 1.3.1), space-time sampling characteristics and un-
certainties of existing observations of ocean surface vector winds and currents (Sect. 1.3.2), and
a simulator for notional DopplerScat and SWOT data (Sect. 1.3.3). The synergy between tech-
nical tools and scientific objectives is summarized in Tab. 1. We intend to re-examine existing
estimates of kinetic energy sources, sinks, and storage terms, mixed-layer depth, and upper-ocean
stratification using the full simulation output. The primary goal is to assess how these estimates
change when computed using sampling patterns of existing observing systems as compared to
measurements augmented by a hypothetical satellite-borne DopplerScat instrument and the SWOT
wide-swath altimeter.

1.3.1. LLC4320 ocean simulation

With help from collaborators at Massachusetts Institute of Technology (MIT) and NASA Ames
Research Center, proposal team member Menemenlis recently completed a groundbreaking global
ocean and sea ice simulation that represents full-depth ocean processes with an unprecedented
degree of realism (Fig. 2). The simulation is based on a Latitude/Longitude/polar-Cap (LLC) con-
figuration of the MIT general circulation model (MITgcm; Marshall et al. 1997; Hill et al. 2007).
The LLC grid has 13 square tiles with 4320 grid points on each side (hereafter called LLC4320)
and 90 vertical levels for a total grid count of 2.2⇥ 1010. Horizontal grid spacing ranges from 0.75
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ValidaLon	of	regional	(open	boundaries)	and	global	high-resoluLon	simulaLons	against	
observaLons	of	surface	kineLc	energy	and	SSH			

Global	MITgcm	simulaLon	run	by	Hill	
and	Menemenlis	at	1km	resoluLon		

Comparison	to	observed	
frequency	spectra	



Ferrari	et	al:		SWOT	state	esLmate	
Twin	high-resoluLon	experiment,	validated	against	observaLon,	will	be	used	to	test	
whether	assimilaLon	of	wide-swath	SSH	retrieval	every	20	days	leads	to	substanLal	
improvements	of	state	esLmate	

Toward high-resolution state estimation (III)

Eddy permitting state estimation in the Southern Ocean (cont’d)

westward

Along streamline spectra vs. wavenumber (left) and frequency (right)

streamlines

M. Mazloff (Ph.D. thesis)

westward   |   eastward



Summary:		complementary	approaches	

•  Lapeyre et al: dynamical tools 
•  Gille et al:  regional 4d-variational 

assimilation in ECCO, including tides and 
surface waves 

•  Le Traon et al:  assimilation into Mercator 
Ocean and Copernicus Marine Environment 
Monitoring Service, including pre-processing 
issues (via the SSALTO/DUACS processing 
chain) [global and regional high-resolution 
models].   

•  Ferrari/Heimbach et al:  global and regional 
4d-variational assimilation in ECCO 




